Abstract: As the etiopathology of retained placenta is still not resolved in cattle, we compared the effects of protracted induction of parturition (PIP) and conventional induction of parturition (SIP) on placental maturation and the occurrence of retained placenta. PIP was induced in 13 cows by administration of 1.3 mg dexamethasone im twice daily between Days 268 and 273 of gestation and 40 mg dexamethasone im on Day 274 of gestation. For SIP, 10 cows received a single injection of 40 mg dexamethasone on Day 274 of gestation. A third group (SPON, n = 11) served as a nontreated control group. Within 2 hours after birth, two placentomes were extracted from the uterus and used for assessment of placental maturation by histology and immunohistochemistry. Incidence of retained placenta was lower (P < 0.05) in group SPON (9%) compared with groups PIP (54%) and SIP (70%). Staining with Masson's trichrome and pan-cytokeratin indicated a higher degree of atrophy and flatness of the maternal crypt epithelium in cows with physiological release of fetal membranes (REL) compared with cows with retained placentae (RET). Staining with anti-caspase-3 ratified the observations as more apoptotic cells were detected in groups SPON and PIP compared with group SIP; however, data were not statistically significant. Additionally, the expressions of the potent vasodilators endothelial nitric oxide synthase (eNOS) and inducible nitric oxide synthase (iNOS) were evaluated. Both eNOS and iNOS were only expressed in chorionic tissue. Endothelin-1 (ET-1), a major vasoconstrictor, showed positive staining in maternal crypt epithelium and in chorionic epithelium. No differences were found for iNOS and eNOS and ET-1, neither among the experimental groups nor between RET and REL cows. These findings indicate that a PIP results in increased placental maturation, but does not influence the incidence of placental retention in cows. The expression of vasoactive substances does not seem to be related to the placental separation process. 
Furthermore, an increase in the number of apoptotic cells in maternal and fetal epithelial 74 tissues is found during the maturation process [3, 8, 9, 11] . 75 Additionally, placental separation might be facilitated during the series of dilation and 76 contractions of the uterus close to term. The constantly changing uterine pressure leads to 77 alternating ischemic and hyperaemic conditions within the placentomes which could result 78 in an impaired fetomaternal adherence [12] . Nitric oxide (NO), which is synthesized from 79 L-arginine by NO synthases (NOS), is a potent vasodilator in placental tissue [13] . 80
Previous studies have shown that NO plays an active role in regulating placental function 81 including reducing the vascular tone during human [14] and ovine [15] pregnancy. Close to 82 term NO-production was found to decrease in humans effectively promoting contractions 83 resulting in labor [16] . There are three isoforms of NOS: neuronal NOS (nNOS), inducible 84
NOS (iNOS) and endothelial NOS (eNOS) [17]. It has been shown that iNOS and eNOS 85
are expressed in the placenta of many species [18, 19] . Endothelins are the counterparts to 86 the vasodilatation system and belong to a family of vasoconstrictor peptides, mainly 87 produced by endothelial cells of mammalian species [20] . Especially Endothelin-1 (ET-1) 88 has been shown to be involved in the regulation of uterine and placental perfusion [21] and 89 in the stimulation of the uterine contraction during labor and delivery in rats [22] . The role 90 of these vasoactive substances in reference to placental separation has not been studied 91 until now. 92
Glucocorticoids have been identified to play a central role in the placental maturation 93 process [23, 24] . As fetal cortisol levels gradually increase in the course of pregnancy, 94 placental maturation seems to require exposure to elevated cortisol levels prior to calving 95 [23] . Conventional methods of induction of parturition, involving a single application of 96 corticosteroids in the attempt to mimic the natural endocrine events, result in an incomplete 97 placental maturation and therefore in a high incidence of retained placentae [25] [26] [27] [28] . 98 Several attempts to modify the induction schedule had no significant effect on placental 99 of retained placentae came from New Zealand [32] . These authors demonstrated that a 101 pretreatment with long-acting corticosteroids had a positive effect on placental release. 102
However, the laws in the European Union prohibit the exogenous application of long-103 acting corticosteroids in food animals. As an alternative, the injection of low dosages of 104 short-acting corticosteroids for several days followed by a single application of a high 105 dosage of this hormone has been proposed [33] . 106
In the present study a conventional (single high dose of glucocorticoids) and a protracted 107 (repeated applications of low doses of glucocorticoids followed by a single high dose of 108 glucocorticoids) induction of parturition were compared to determine whether or not 109 repeated applications of low dosages of short-acting corticosteroids for several days result 110 in an improved placental maturation and therefore in a reduced incidence of retained 111 placentae in cows, in which induction of parturition is indicated. Placental maturation was because the number of animals of some breeds was too small. 244
In group SPON two calves died, one during the calving process because of prolonged and 245 difficult labor (traction force of two people for more than 30 minutes) and one was already 246 dead, when the cow was examined to check the presentation of the calf in the birth canal. 247
In groups SIP and PIP no calf died, but two and one, respectively, needed nursing 248 assistance. 249 250
Placental Histology (Masson´s Trichrome staining) 251 252
Eighteen of 49 analyzable sections were assigned to/identified as a mature placenta form, 253 with obvious signs of loosening of the fetomaternal adherence. In addition, most of the 254 maternal crypt epithelium appeared flattened or was partly inconsistent (Fig.1 A) . In 18 of 255 49 sections, the placentae were clearly immature as the cotyledonary villous trophoblast 256 cells were in intimate contact with an intact maternal caruncular epithelium (Fig.1 B) . 257
Thirteen of 49 sections had a hybrid placenta form, where both forms appeared together. 258
Decoding of the assigned histologic sections revealed that most of the sections (68 %) from 259 animals of group SPON were classified into the mature form, whereas most of the SIP 260 cows had an immature placental structure (71 %). Cows of group PIP predominantly had a 261 hybrid form (42 %) (Fig. 3) . 262
Sixty-seven percent of cows with RET had an immature placenta, eight percent a mature 263 placenta and 25 % showed a hybrid form. In REL cows, 66 % had a mature placenta, 21 % 264 an immature and 14 % a hybrid placenta form (P < 0.05). 265 266
Height of Maternal Epithelium (Pan-Cytokeratin Immunohistochemistry) 267 268
In tissue sections the intensity of the immunopositive brown staining differed between the 269 chorionic and the maternal crypt epithelium, thus a clear identification of the maternal 270 epithelium was possible ( Fig.1 C and D) . The assignment to mature and immature 271 placentae completely coincided with the classification of the Masson trichrome sections. 272
Sections, which were classified as mature in Masson trichrome staining, showed an almost 273 flat and broad maternal crypt epithelium with partly atrophic areas (Fig. 1 C) . Cows with 274 an immature placenta showed an almost cuboidal maternal epithelium (Fig. 1 D) . 275 276
Apoptosis (Caspase-3 Immunohistochemistry) 277 278
In tissue sections Caspase-3 positive cells were found in the fetal and the maternal 279 compartment and showed a brown staining which was mostly localised to the cytoplasm 280 ( Fig.1 E and F) . In sections, which were classified as mature in Masson's trichrome, 281 microscopically a greater number of apoptotic cells was detected (Fig.1 E) , whereas cows 282 with an immature placenta showed only a few apoptotic areas (Fig.1 F) . This revealed that 283 cows of the control group had a slight drift to higher numbers of apoptotic cells 284 (2.31 ± 0.45 %) compared to the conventional induction group (1.68 ± 1.13 %), whereas 285 cows with a protracted induction of birth showed numbers between the controls and the 286 conventional induction group (1.93 ± 0.67 %). 287
However, the differences were not statistically significant, neither between experimental 288 groups nor between REL and RET cows. 289 290
iNOS and eNOS in placental tissue 291 292
Positive staining for iNOS and eNOS was detected in all three groups, but exclusively in 293 fetal placental tissue (Fig. 2 A and B) . No positive staining was present in maternal crypt 294 epithelium and maternal stroma cells. Endothelial cells of blood vessels were also positive 295 for eNOS, whereas they were negative for iNOS. No microscopic differences in staining 296 intensity were found between the experimental groups and RET and REL cows. 297 298
Endothelin-1 (ET-1) in placental tissue 299 300
In tissue sections a positive staining for ET-1 was found in maternal crypt epithelium as 301 well as in chorionic epithelium (Fig. 2 C) . Among the experimental groups and between 302 RET and REL cows, ET-1 immunoreactions were observed in the same cell populations 303 and showed the same staining intensity. dexamethasone injection is thought to mimic the physiological mechanisms by which the 317 fetus induces parturition. But a single dose of dexamethasone seems to have no positive 318 effect on the incidence of retained placentae in cows [42, 43] . To obtain an improved 319 placental separation fractionate doses of corticosteroids over three days followed by an 320
injection of prostaglandin have been tested [28] . This treatment resulted in a more 321 predictable calving time and therefore in a better supervision of the calving animals, but 322 had no positive effect on placental separation. However, previous studies determined a 323 minimum pretreatment time of five days with corticosteroids to obtain a positive effect on 324 the separation process [23, 27, 30, 38, 44] . In the present study a pretreatment time of six 325 days were chosen. The results showed that 54 % of the group with protracted induction of 326 parturition had a retained placenta compared to the group with conventional induction of 327 birth with 70 % of retained fetal membranes, however data were not significant. 328
The cost of repeated treatments with low doses of corticosteroids for six days followed by 329 one single treatment with a high dose of this hormone is approximately €120. In 330 comparison the economic cost of a single case of metritis, which occurs in many cases 331 after dystocia has been calculated to be about €292 [45] . 332 13 The delivery of the placenta post partum is a physiological process, involving the loss of 333 fetomaternal adherence [46] . This loss of adherence occurs only after the placentome has 334 undergone a process of maturation, which is initiated several weeks before parturition and 335 not completed until the last days before term [8] . 336
In the present study, the degree of bovine placental maturation, assessed by general 337 histology and immunohistochemistry for pan-cytokeratin and caspase- Normal pre-term maturation of the bovine placenta has also been associated with apoptosis 358 within the maternal crypt as well as in the chorionic epithelium [3, 9, 10, 48] . However 359 earlier studies are partly contradictory in the occurrence of apoptotic and necrotic cells in 360 placental tissues. Some studies found that placental necrosis was not directly related to 361 normal placental separation of the fetal membranes from the maternal caruncle [3, 48] . 362
Others detected an increase in the number of apoptotic cells in maternal and fetal 363 epithelium immediately after the expulsion of the fetus and correlated these observation 364 with the placental maturation process [10] . In contrast, Boos et al. In the present study antibodies against iNOS and eNOS were used to detect NO production 376 in the bovine placenta in the last days of pregnancy. We found that iNOS and eNOS are 377 expressed in all bovine placental tissue sections. But differences were found neither in the 378 exhibition of iNOS and iNOS among the experimental groups nor between REL and RET 379 cows. As expected eNOS staining was observed in the endothelium of all blood vessels, 380 whereas iNOS was not expressed. 
